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Abstract- This general paper directs towards the concept of Home Automation. We will see a detailed concept of (1) Home 

automation concept; (2) use of wireless communication; (3) adapting gestures to machine language. Contrary to other projects, 

I aim to work towards gesture-based control of home automation systems. This research has the diversification to capture 

gestures and process them in real time to perform specified functions in a smart home. It can be said that this paper will be a 

great analysis to study what home automation is and the required components both hardware and software. 
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I. INTRODUCTION 
 

In the age of technological advancements in our society is 

it not a dream to integrate our human life with the virtual 
world, gesture enabled living system (G.E.L.S) enables us 

to do so. Using this system, we can simply control our 

surroundings with a simple gesture. 

 

Gestures are a basic part of human nature and in this 

research, we intend to make use of hand gestures to 

control home appliances. This will eventually replace the 

usage of conventional switches.In this paper, we use 

inertial sensor to process four gesture directions and an 

Arduino uno microcontroller to produce output signals. RF 

transmitter and receiver enables to give a wireless and 

portable advantage.  
 

The human gestures are integrated to the processor using a 

mx232 and the microcontroller provides the option of 

increasing the number of system tasks. 

 

List of other projects on home automation 

 The Smart Home Concept: our immediate future 

https://www.researchgate.net/publication/224696 

459_The_Smart_Home_Concept_our_immediate_future 

 Duke University Smart House: http://www.smarthou 

se.duke.edu 

 Smart Home Systems Based on Internet of Things 

https://www.researchgate.net/publication/331615 

662_Smart_Home_Systems_Based_on_Internet_ 

of_Things 

 Smart Medical Home: http://www.futureheal 

th.rochester.edu/smart_h ome/ 

 Smart home IoT system https://ieeexplore.ieee.or 

g/document/7753232 [e] 

 

 

II. HOME AUTOMATION: WORKING 
 

The working of this system is divided into three parts for a 

better understanding as to the process involved in signal 
transmission, interpretation, processing and receiving.  

 

It can be classified into  

 Input processing which involved the capture of gestures 

along with the transmitter end,  

 Output processing which involves the signal processing 

and receiver end and 

 Relay function. 

 

1. Input Processing: 

The inertial sensor processes the specific gestures, in this 
case swiping your hand in four different directions was 

incorporated. So, when one of these gestures is performed, 

the sensor is programmed to produce an output signal for 

the respective gesture. This output is fed into the RF- 

transmitter. The gestures are pre-loaded into the micro 

controller using LINUX programming to recognise the 

input signal once activated. The figure 1 shows the 

processing flow of signals from human input to the system 

receiver by converting the signal from the sensor to 

machine language (mx232). 

 

 
Fig 1. Input Processor. 
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2. Output Processing: 
Now the signal is sent to the RF-receiver thus making the 

system wireless. The receiver sends the signal to the 

Arduino Uno R3 and the microcontroller processes this 

information and produces a corresponding output in the 

form of ON/OFF or variations in speed or intensity for the 

connected appliances. These signals being direct current 

(DC) in nature and the appliances using alternating current 

(AC) circuits, a double relay is connected in between the 

two to protect the circuit from any possible short circuit 

damage.  

 

As depicted in figure 2 the input signal is processed at the 
receiver end by the Arduino Uno R3 using the pre-coded 

information and the microcontroller (MC) determines the 

necessary action to take for the specific appliance the 

given gesture is registered to. The output side is 

Processing Embedded Network (PEN) for it presence of 

an embedded system and the major function of processing 

input signals. 

 

 
Fig 2. Processing Embedded Network (PEN). 

 

3. Relay Function: 

The double relay is used to control the flow of current 

from the home automation device to the home appliances 

and also to regulate the flow from DC to AC since the 

smart device makes use of DC signals whereas the 

appliances required AC signals to function.  

 

Figure 3 shows the use of CMOS in regulating the flow of 

current from the Arduino to the appliance using 

magnetization and demagnetization. When a signal is 

received for the turning ON of an appliance magnetization 
occurs thereby closing the circuit to make it a finished 

loop and when another signal to turn OFF is provided the 

circuit demagnetizes thereby creating an open circuit. The 

MOSFET device is used to convert the DC to AC to 

supply to the appliances. 

 
Fig 3. CMOS Relay function. 

 

III. SOFTWARE APPROACH 
 

Linux programming language is used to program the 

Arduino to setup specific functions for a respective 

gesture. The machine language incorporates the signal 

flow in the MC to provide an appropriate output. Figure 4 

shows the program flow chart originating from the 
receiver section and the signal flow from the Arduino with 

the decision-making algorithm to produce the desired 

output signal. It depicts the functions of the relay when the 

first signal is provided it turns ON/OFF the appliance 

based on its present state of nature. 

 

 
 

Fig 4. Program flowchart. 
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The function provided here is up/down for turn ON turn 

OFF function, similarly different gesture inputs were 
given for to increase/decrease fan speed or light intensity 

and other appliances available. The LINUX program to 

process and complete the transfer of signals in the MC is 

as shown in figure 5. It shows the flow of input signal into 

the Arduino where gesture specific function is given using 

else function and constant loop. The output appliance is 

controlled using control system application as to when the 

circuit magnetises and demagnetises to perform specific 

functions to satisfy the given output signal. 

 

Fig 5. LINUX program. 

  

IV. HARDWARE COMPONENTS & 

FUNCTIONING 
 

The hardware components for this project consists of 

simple electronics appliances and medium scale electrical 

home appliances. The electronic appliances include the 

(a). Gesture/Inertial Sensor; (b). RF transmitter & receiver; 

(c). Arduino Uno R3; (d). Double Relay; (e). Servo motor. 

The components together form the base of the home 

automation system. 

 

1. Gesture/Inertial Sensor: 

Gesture recognition enables humans to communicate with 

the machine and interact naturally without any mechanical 

devices. Using the concept of gesture recognition, it is 

possible to point a finger at the computer screen so that the 

cursor will move accordingly.  

Gesture detection utilizes four directional photodiodes to 

sense reflected IR energy to convert physical motion 
information to digital information. The gesture engine 

accommodates a wide range of mobile device gesturing 

requirements: simple UP-DOWN-RIGHT-LEFT gestures 

or more complex gestures can be accurately sensed. As 

shown in figure 6 [a] the inertial sensor can perform up to 

six different tasks for a single circuit. 

 

 
Fig 6. Inertial Sensor. 

 

Gesture detection, proximity detection, and RGBC color 

sense/ambient light sense functionality is controlled by a 

state machine, which reconfigures on-chip analog 

resources when each functional engine is entered. Each 

functional engine contains controls like gain, ADC 
integration time, wait time, persistence and thresholds that 

govern the operation.  

 

The control of the led drive pin, LDR, is shared between 

proximity and gesture functionality. The color/ALS engine 

does not use the IR LED, but cross talk from IR LED 

emissions during an optical pattern transmission may 

affect results. The internal oscillator and other circuitry are 

not active, resulting in ultralow power consumption. If I²C 

transaction occurs during this state, the oscillator and I²C 

core wakeup temporarily to service the communication.  
 

Upon powerup, POR, the device initializes and 

immediately enters the low power SLEEP state. Once the 

Power ON bit, PON, is enabled, the internal oscillator and 

attendant circuitry are active, but power consumption 

remains low until one of the functional engine blocks are 

entered. 

 

The features of an Inertial sensor are, 

 Operating Voltage: 5v 

 Output: UART TTL 

 I2C-bus Fast Mode Compatible Interface 

 Ambient Light and RGB Colour Sensing 

 Proximity Sensing 

 Complex Gesture Sensing  

 

Its applications are, 

 Color Sense 

 Ambient Light Sensing 

 Cell Phone Touch Screen Disable 

 Mechanical Switch Replacement 
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2. RF Transmitter and Receiver: 
 

 
Fig 7. RF Transmitter. 

 

Figure 7 [b] depicts the RF transmitter that produces radio 

signals from the transmitter antenna on the input 

side(sensor). RF Transmitter sends the signal to the RF 

Receiver. The main of usage of RF Transmitter and RF 

Receiver is for wireless communication so that the input 

from gesture sensor can be given from any part of the 
room and the devices can be controlled. Figure 8 [b] 

shows the RF receiver which receives the signal through 

the receiver antenna and passes the signal to the MC for 

processing. 

 

 
Figure 8: RF Receiver. 

 

3. Arduino Uno R3: 
The Arduino Uno is a microcontroller board based on the 

ATmega328 (datasheet). It has 14 digital input/output pins 

(of which 6 can be used as PWM outputs), 6 analog inputs, 

a 16 MHz ceramic resonator, a USB connection, a power 

jack, an ICSP header, and a reset button. It contains 

everything needed to support the microcontroller; simply 

connect it to a computer with a USB cable or power it with 

a AC-to-DC adapter or battery to get started. 

 

The Uno differs from all preceding boards in that it does 

not use the FTDI USB-to-serial driver chip. Instead, it 
features the Atmega16U2 (Atmega8U2 up to version R2) 

programmed as a USB-to-serial converter. 

 

Revision 2 of the Uno board has a resistor pulling the 8U2 

HWB line to ground, making it easier to put into DFU 

mode.Revision 3 of the board has the following new 

features. 1.0 pinout: added SDA and SCL pins that are 

near to the AREF pin and two other new pins placed near 

to the RESET pin, the IOREF that allow the shields to 

adapt to the voltage provided from the board.  

 

In future, shields will be compatible with both the board 
that uses the AVR, which operates with 5V and with the 

Arduino Due that operates with 3.3V. The second one is a 

not connected pin, that is reserved for future purposes. 

 Stronger RESET circuit. 

 Atmega 16U2 replace the 8U2. 

 

"Uno" means one in Italian  and is named to mark  the 

upcoming release of Arduino 1.0. The Uno and version 1.0 

will be the reference versions of Arduino, moving 

forward. The Uno is the latest in a series of USB Arduino 

boards, and the reference model for the Arduino platform. 

This is the new Arduino Uno R3. In addition to all the 
features of the previous board, the Uno now uses an 

ATmega16U2 instead of the 8U2 found on the Uno (or the 

FTDI found on previous generations). This allows for 

faster transfer rates and more memory. No drivers needed 

for Linux or Mac (inf file for Windows is needed and 

included in the Arduino IDE), and the ability to have the 

Uno show up as a keyboard, mouse, joystick, etc. 

 

The Uno R3 also adds SDA and SCL pins next to the 

AREF. In addition, there are two new pins placed near the 

RESET pin. One is the IOREF that allow the shields to 
adapt to the voltage provided from the board[d]. The other 

is a not connected and is reserved for future purposes. The 

Uno R3 works with all existing shields but can adapt to 

new shields which use these additional pins. 

 

Arduino is an open-source physical computing platform 

based on a simple i/o board and a development 

environment that implements the Processing/Wiring 

language. Arduino can be used to develop stand-alone 

interactive objects or can be connected to software on your 

computer (e.g. Flash, Processing, Max MSP). The open- 
source IDE can be downloaded for free (currently for Mac 

OS X, Windows, and Linux). 

 

Special SMD Version: Because Atmel is moving more and 

more of their production capacity to surface mount ICs, 

the DIP packaged ATmega is becoming more and more 

difficult to get. To keep up with demand, we now offer the 

Arduino Uno R3 with an SMD ATmega[c].  

 

The board is identical to the PTH version of the Uno, but 

you won’t be able to remove the ATmega without some 

hot-air. This change shouldn’t affect most users. These 
things are nearly indestructible. 

 

Note: The   Arduino   Uno   R3    requires    the Arduino 

1.0 drivers folder in order to install properly on some 

computers. We have tested and confirmed that the R3 can 

be programmed in older versions of the IDE. However, the 

first time using the R3 on a new computer, you will need 

to have Arduino 1.0 installed on that machine.The features 

of an Arduino Uno R3 are shown in table 1. The many 

applications of an Arduino include, 
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 Automotive 

 Building Automation 

 Home Appliances 

 Home Entertainment 

 Industrial Automation 

 Lighting 

 Smart Energy 

 Mobile Electronics 

 PC Peripherals 

 Internet-of-Things 

  

Table 1. Arduino features. 

Microcontroller ATmega328 

Operating Voltage 5V 

Input 

Voltage(recommended) 
7-12V 

Input Voltage (limits) 6-20V 

Analog Input Pins  

Digital I/O Pins 
14 (of which 6 

provide PWM output) 

DC Current per I/O Pin 40 mA 

DC Current for 3.3V Pin 50mA 

Flash Memory 

32 KB (ATmega328) 

of which 0.5 KB used 

by bootloader 

SRAM 2 KB (ATmega328) 

EEPROM 1 KB (ATmega328) 

Clock Speed 16 MHz 

Length 68.6 mm 

Width 53.4 mm 

Weight 25 g 

 

The Arduino also possesses of unique specs such as, 

 ATmega328-AU microcontroller with UNO Boot loader 

Installed. 

 USB Programming Facilitated by the CH340G. 

 USB-B Connector and cable included. 

 Input voltage - 7-15V. 

 0-5V outputs with 3.3V compatible inputs. 

 14 Digital I/O Pins (6 PWM outputs). 

 6 Analog Inputs. 

 ISP Header. 

 32k Flash Memory 

 16MHz Clock Speed. 

 All SMD Construction. 

 R3 Shield Compatible 

 

4. Double Relay: 

“The 4-Channel Relay Module is a full-height module that 

provides four relay outputs. Any number of 4-Channel 
Relay Modules can be placed in any of the slot to the right 

of the Rack Interface Module”[e]. Each output of the 4- 

Channel Relay Module can be independently programmed 

to perform needed voting logic. Each relay utilized on the 

4-Channel Relay Module includes "Alarm Drive Logic". 

The Alarm Drive Logic is programmed using AND and 

OR logic and can utilize alarming inputs (alerts and 

dangers) from any monitor channel or any combination of 
monitor channels in the rack. This Alarm Drive Logic is 

programmed using the 3500 Rack Configuration Software 

to meet the specific needs of the application. 

  

 
Fig 9. Double relay circuit. 

  

Double relay is used to connect the devices which are to 

be controlled. The DC supply from the arduino is 

connected to the given to the double relay and the output 

from the double relay is connected to the devices. It acts as 
a switch and turns ON and turns OFF the devices which 

are being controlled. 

 

The specific characteristics of a double relay are Normally 

Closed (NC), Normally Open (NO), and Common (C) 

relay connections are provided on terminal blocks. When 

the relay is not energized (digital 0) there is continuity 

between NC and C. When the relay is energized (digital 1) 

there is continuity between NO and C[f].The 

specifications of the double relay required for this project 

are as depicted in table 2. 

 
Table 2. Double Relay Specifications. 

 

Dimensions 
5.6 x 2.8 in 

(14.2 X 7 cm) 

Power Requirements 

Single Board 

10 to 16 VDC @ 200 mA 

max. 

4 Boards 
12 to 16 VDC @ 800 mA 

max. 

Max Current 

Throughput 
1 A 

Voltage 5V 

 

Table 3[h] denotes the characteristics of the double relay 

during functioning. 

 

The features of using a double relay are, 

 4 mechanical relays with status indicator LED 

 Both “NC” and “NO” ports for each relay 

 Potential free contacts that can support any type of 

voltage configurations. 
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Table 3. Relay Characteristics. 
 

Number of Channels 4 

Contact Rating 
10 A @ 120 VDC 

8 A @ 30 VDC (resistive) 

Max. Switching Capacity 1200 VA/240 W 

Max. Operating Voltage 250 VAC/125 VDC 

Max. Carrying Current 
10 A (AC), 8 A (DC) 

(standard) 

Relay Form 
Form C, Single-Pole 

Double- Throw (SPDT) 

Output Terminals 
Normally Open (NO) 

Normally Closed (NC) 

Relay Life (mech.) 
10 million operations 

minimum 

Relay Life (load 
dependent) 

100 thousand operations 
minimum 

Operating Time 
10 msec. max. 

(mean~5.1msec.) 

 
Table 4: shows the pin configuration of the relay circuit to 

perform the adequate function.Figure 9[g] show the circuit 

design for a double relay using for DC-AC and current 

regulating operations 

  

Table 4. Pin configuration. 

 

PIN NAME DETAILS 

1 R1 Relay1 input 

2 R2 Relay2 input 

3 R3 Relay3 input 

4 R4 Relay4 input 

5 R5 Relay5 input 

6 Gnd Ground 

7 Vcc Output 

8 Gnd Ground 

9 12V Vcc 

 

5. Servo Motor: 

A servo motor of following specifications was made use 

for the drive functions. 

 9KG MG945 Metal Gear Micro RC Servo Motor R/C 

and high-quality HS TP 

 High Speed & High Torque 

 3 Pole ferrite 

 Dual ball bearing 

 3 Metal gears and 1 Resin metal gear 

 Connector wire length: 32cm 

 Size: 40.6mm x 19.8mm x 42.9mm 

 Weight: 50g 

 Operating Speed: 0.18sec/60degree (6.0V) 

 Stall torque:15.0kg/cm (6.0V) 

 Temperature Range: 20 degree to 60 degree 

 Dead band width: 4ms 

 Operating Voltage: 4.8V~7.2V 

 

V. CONCLUSION AND FUTURE SCOPE 
 

The end product was the successful ability to 

communicate with the virtual world through gestures. 

Once the system recognizes our gestures and processes 
which function to perform for a specific gesture the 

raspberry pi3 will produce an output to the relays which in 

turn will control the electrical appliances around us. 

 

A highly integrated and simple gestures involved home 

automation system has been designed and implemented. 

This project system is capable of handling 4 AC electronic 

appliances such as fan, light, computer etc. The 

implementation of this project to show the real time 

performance has been done in the Department Seminar 

Hall of SRM Valliammai Engineering College. The 
appliances connected to it are 3 fans and a light. A total of 

4 direction swipe –UP, DOWN, RIGHT, LEFT is 

programmed to be recognized by the gesture sensor. 

 

This system can be placed in home, offices, classrooms, 

can be attached to wheelchairs etc. The main advantage of 

the project that of being wireless and hands free has been 

achieved, the performance of the system is good and 

works well within a range a big room. 

 

This project can be used by the people specially differently 

abled in this home automation to improve and make their 
lifestyle easier. Can also be incorporated into offices, 

educational institutions, hospitals etc. where sophisticated 

and updated technologies are used for improving their 

standards.Future modifications can be implemented. 

 

This project can be enhanced by adding many various 

devices such as: 

 Using of google soli for better capture of gestures and 

zigbee can improve the area of control to upto 250m 

radius. 

 Use of sustainable energy to power the device. 

 Using other sensors such as proximity sensor, light 

sensor, thermal sensor etc on a large-scale basis to build 

smart cities and smart airports. 

 Using satellite imagery and GIS to build smart roads for 

smart vehicles. 
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